A New Simplified Method for Perfusing Dog Skin  by Adachi, Kenji & Chow, Donald C.
A NEW SIMPLIFIED METHOD FOR PERFUSING DOG SKIN*
KENJI ADACHI,f M.D. AND DONALD C. CHOW, B.A., B.S.
Perfusion of isolated surviving internal organs
has been a widely used method in the study of
intermediary metabolism in the last 60 years.
The technic implies removal of the organ and
its perfusion via its main artery with either the
animal's own blood or with physiological salt
solutions. Test substances can be introduced into
such a system with the fluid entering the organ,
and, subsequently, samples of the outfiowing
venous perfusate or of the organ tissue itself can
be analyzed to obtain information about the fate
of the substances introduced. The advent of
radioactive isotopes has greatly enhanced the
value of this technic in the study of organ-specific
metabolic processes. Although this method has
the disadvantage that the organ studied has been
removed from its normal environment, partic-
ularly from hormonal and central nervous in-
fluences, it has yielded highly important results
concerning the cellular metabolism of the partic-
ular organ.
Until the late 1930's it was thought that this
technic was not applicable to the skin because
no major artery was known to supply major
areas of the skin. However, in 1938 Malmdjac
and Desanti (1) discovered that the skin on the
medial aspect of the thigh of the dog is supplied
by a fairly strong saphenous artery and that this
artery has but a few muscular branches which can
be easily tied off. The same authors also stated
that this part of the skin is easily detachable
from the underlying fascia. Baisset et al. (2) per-
formed a few experiments perfusing this partic-
ular skin area and studying the fate of glucose in
the skin.
Subsequently, Feldberg and Paton (3) utilized
this method in the cat using an incomplete ex-
cision method and leaving the saphenous nerve
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intact. They studied release of histamine from
the skin by this method.
In 1953, Kjaersgaard (4) gave a detailed de-
scription of the methodology which with certain
modification was used also by Bell et al. (5).
Halprin and Chow (6) using this model studied in
detail synthetic processes in the skin after intro-
ducing C14-labeled acetate into the perfusion
fluid. Wheatley et al. (7) studied formation of
branched chain fatty acids by the skin from the
branched chain amino acids valine and isoleucine.
Ainsworth (8) perfused rabbit skin in a similar
fashion in his study of percutaneous absorption.
Adachi (9) used this method for studies on
cutaneous glycogen metabolism.
Kj aersgaard and subsequent authors have
isolated the skin to be perfused and placed it
in an appropriate perfusion box with controlled
temperature and humidity. Because of the partic-
ular anatomical situation, it appeared to be
possible to "perfuse" the medial aspect of the
thigh in the dog without complete removal of
the skin flap, and using the animal's own blood
from the femoral artery as the perfusion fluid. By
this technic an isolated cutaneous circulatory
system is created and still hormonal, nervous
and other functional effects may exert their in-
fluence on the "perfused" portion of the skin.
Such a method obviously more closely resembles
the condition in vivo than the completely isolated
skin model.
This new modification of the perfusion technic
is described in the present paper.
EXPERIMENTAL
A. General Preparation
The dogs used for the experiments weigh be-
tween 40 and 60 lbs. Nembutal is given intra-
venously, the dosage being approximately 60 mg./5
lbs. Heparin (1000 units) is given with the Nembu-
tal to prevent coagulation. The dog is fixed on the
operating table in a supine position. The hair on
the medial aspect of the thigh is removed either by
shaving with a razor blade or by clipping with an
electric hair clipper.
B. Dissection of the Saphenou.s Artery and Vein
The first incision is made on the lateral
aspect of the thigh from approximately 5 cm.
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above the popliteal fossa to 2 cm. below the fossa.
Bleeding from the incised skin is controlled either
by ligatures or by electrocoagulation. The skin is
detached from the subcutaneous tissue with a
gentle pull towards the knee. On the lower sur-
face of the flap one can easily see the saphenous
artery, vein and nerve as well as the cutaneous
and muscular branches of the vessels running
parallel to each other. The vessels are carefully
dissected and the saphenous artery and vein are
ligated 1 cm. distally from the origins of the main
cutaneous branches. The two easily visible muscu-
lar branches are also ligated.
C. Exposure of Femorat Artery and TTein
The femoral artery can be located through the
skin in the inguinal region by its strong pulsation.
A 5 cm. long incision is made through the skin
parallel to the Poupart ligament. The femoral
artery and vein are dissected with caution and
without injuring the femoral nerve.
D. Preparction of Shunts from the Femoral Artery
and Vein to the Main Cutaneous Branches of
the Saphenous Artery and Vein
For preparing the shunts the following materials
are used: 1) large polyethylene tubings with an
nner diameter of 0.115 inches and approximately
5 inches in length (PE 330, Clay-Adams Co., New
York) with tubing adapter to male luer-lock
(Plastic tubing adapter, size "U", Clay-Adams
Co.) at one end; 2) small polyethylene tubings,
0.030 inches in inner diameter and approximately
4 inches in length (PE 60, Clay-Adams Co.) with
a tubing adapter to female luer-lock (size "B",
Clay-Adams Co.) at one end; and 3) three-way
stopcocks (Becton, Dekinson and Co., New
Jersey) to which the male and female tubing
adapters can be connected.
After the exposure of the femoral artery its dis-
tal portion is ligated and the proximal portion is
compressed. An incision is made in the dissected
artery. The large tubing with its adapter and with
attached stopcock in closed position is inserted
through the incision into the artery and pushed
upward into the abdominal aorta and secured.
Subsequently, the proximal portion of the saphe-
nous artery is ligated and the smaller tubing is
inserted and tied near the origin of the cutaneous
branch. The attached adapter of the small tubing
is connected to the stopcock. By this procedure
blood from the abdominal aorta can be shunted to
the main cutaneous branch of the saphenous
artery after opening of the stopcock. Circulation
to other parts of the limb is eliminated.
A bypass from the vein to the saphenous vein is
established in a similar manner. (Fig. 1)
FEMORAL ARTERY
3 WAY
STOPCOCK
FIG. 1. Scheme of operation restricting blood supply to the skin of the inner aspect of the thigh (See
text).
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E. Testing the Extent of the Perfused Area
One-tenth % methylene blue aqueous solution
is injected from the free end of the stopcock into
the arterial system. The injection is done slowly,
dropwise, so that the injection of 20 ml. fluid re-
quires 5 minutes. The skin from the medial and
anterior aspects of thigh and leg are removed and
frozen at 00 C. The frozen large piece is cut into 12
smaller sections and they are marked according
to their anatomical positions. Frozen sections are
prepared from each portion and examined micro-
scopically. The portions are inspected grossly for
the presence of dye in the cutaneous and subcu-
taneous vascular system.
This test procedure has shown that sub-
cutaneous tissue and musculature are not stained
and that the perfused skin area extends over the
antero-medial aspect of the whole thigh.
DISCUSSION
Recently Goodman et at. (10) established a
shunt preparation in which the blood was shunted
from the femoral artery directly into the femoral
vein in the dog. They found that the dogs survive
this operatien for more than 3 weeks without
gross necrosis of the limb and without other
complications. They were able to carry out long-
term experiments on such dogs when using hepa-
run and sedatives.
This method has been applied to the specific
purpose of skin perfusion primarily in order to
make long-term perfusion experiments possible.
Mechanism of hair production, for instance, could
be studied in long-term experiments on this
model.
The new method, however, has certain ad-
vantages also for short-term experiments:
(1) perfusion is being done under more physio-
logical conditions than in the case of perfusing
excised skin.
(2) the operation procedure is considerably
simpler and faster than the Kjaersgaard method;
it takes 10 minutes instead of 30 to 40 minutes
to operate.
(3) no perfusion box and no other apparatus is
required to regulate temperature, humidity and
pressure.
Should a control experiment be carefully de-
signed, the modified procedure can be used to
all purposes for which the original model was
designed.
(1) study of the fate of substances introduced
at the arterial end by analyzing skin tissue and!
or outfiowing venous fluid after perfusion.
(2) study of excretory functions by introducing
materials into the artery and analyzing surface
wipings of the skin.
(3) study of percutaneous absorption by apply-
ing materials to the skin surface and analyzing
the outfiowing perfusion fluid.
Of course, the shunting of blood in the de-
scribed manner will change the dynamics of blood
flow. However, it seems that for the purpose of
metabolic experiments, particularly with isotopes
the change in hemodynamics is not a disturbing
factor. In preliminary experiments, 20 micro-
curies of C'4-glucose was perfused with this
method for 20 minutes and subsequently poly-
saccharides, mainly glycogen, were subjected to
isolation from the perfused skin from the under-
lying muscle, and from the skin sample obtained
from the symmetrical region of the other thigh.
Considerable radioactivity was found in the poly-
saccharide fractions of the perfused skin. On the
other hand, no radioactivity was detected in the
samples from muscle and from the skin of the
opposite side.
SUMMARY
1. A method is described whereby in the dog,
blood from the femoral artery is shunted to the
main cutaneous branch of the saphenous artery.
Thereby the blood supply in the lower limb is
restricted to the skin of the inner aspect of the
thigh. Outfiowing blood of this area can be with-
drawn for analysis. Underlying muscles do not
receive blood in this preparation.
2. The model can be used for long-term skin
perfusion experiments.
3. The preparation approaches in vivo condi-
tions more closely than the perfusion methods
using excised skin.
4. The procedure is simpler and requires less
equipment than previous perfusion technics.
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